We study the nucleon-nucleon interaction in the framework of the chromodielectric soliton model (CDM). Here, the long-range parts of the non-Abelian gluon self-interactions are assumed to give rise to a color-dielectric function which is parametrized in terms of an effective scalar background field. The six-quark system is con6ned in a deformed mean 6eld through an effective nonlinear interaction between the quarks and the scalar 6eld. The CDM is covariant, respects chiral invariance, leads to absolute color confinement, and is free of the spurious long-range van der Waals forces which trouble nonrelativistic investigations employing a confining potential. Six-quark molecular-type configurations are generated as a function of deformation and their energies are evaluated in a coupled channel analysis. By using molecular states instead of cluster model wave functions, all important six-quark con6gurations are properly taken into account. The corresponding Hamiltonian includes the efFective interaction between the quarks and the scalar background field and quark-quark interactions generated through one gluon exchange treated in Coulomb gauge. When evaluating the gluonic propagators, the inhomogeneity and deformation of the dielectric medium are taken into account. Results for the adiabatic nucleon-nucleon potential are presented, and the various contributions are discussed. Finally, an outlook is given on how, in the next stage of our investigation, dynamical efFects will be incorporated by employing the generator coordinate method.
I. INTRODUCTION
The nucleon-nucleon interaction is one of the most basic problems of nuclear physics. There exists extensive experimental information, &om N-N scattering data and the properties of the deuteron, but no single theoretical picture seems to be able to describe the relevant physics for all internuclear distances. In N-N phenomenology, both relativistic and nonrelativistic, one treats the nucleons as elementary particles interacting through a twobody potential which is either local or includes some nonlocality through momentum and state dependence in the interaction. The general features of that potential, i.e. , the short-distance core and the long-range attraction, have been known for over forty years.
Already in 1935, Yukawa [1] suggested that the attraction was due to the exchange of an intermediate mass, strongly interacting particle, the subsequently discovered pion. This led to the development of meson fieldtheoretic models which today form the most accurate phenomenological description of the N Ninteraction (seeRef. [2] for an excellent overview). In these models, one treats the nucleons as elementary particles with an empirical form factor, and their interactions are mediated The advent of QCD and quark models has lifted the veil of mystery &om the short range N-N interaction exposing a new level of simplicity. However, the system is no longer just a two-body, but at least a six-body, entity and more properly a field-theoretical problem. The quark core of nucleons is of the order of 0.7 fm (a rms radius of 0.5 fm), and one thus expects the quark substructure to be effective within a range of N-N separations of up to about 1 fm.
A description of the N-N interaction within the kamework of quark degrees of freedom has been the subject of much research. The ideal venture would be a lattice gauge theory calculation (see, e. g. , [3] ), but we are quite far kom that stage, and therefore we have to rely on In addition to the various methods which have been employed to model nucleon-nucleon interactions, one has to further distinguish between static and dynamical calculations. In the static calculations, a local N-N potential is obtained in Born-Oppenheimer [13] (adiabatic) approximation &om the energy difference of a deformed six-quark bag and two separated noninteracting nucleons. Nonadiabatic calculations, on the other hand, yield a nonlocal interaction through a consideration of the dynamics involved. In the latter category, usually the resonating group [14] or the generator coordinate method [15] is applied.
Quark models hold promise for giving a good description for short and intermediate range, but beyond, say, 1 fm the interaction, although in principle describable in terms of quarks, is much more easily represented by mesonic models, with the nucleonic substructure giving rise to form factors for the meson-nucleon couplings.
The ultimate object of our study is not only to reproduce the two-body data such as N-N phase shifts and bound state properties of the deuteron, but also to quantify the quark substructure of nuclei. With respect to the latter, we will describe the collision process as an act of fusion followed by a separation into three-quark clusters, and this will be used in conjunction with the independent pair model of nuclei to obtain, e. g., quark structure functions. With this in mind, the main aspects of our current project can be described as follows : (i) We employ the chromodielectric soliton model [16, 17] , which respects covariance, yields absolute color confinement and is &ee of the color van der Waals problem [18] (which is inherent to most nonrelativistic calculations). In addition, one gluon exchange is evaluated with a "confined" gluonic propagator.
(ii) The six-quark wave function is expanded in terms of "molecular" states [19] , including all configurations based on the two lowest spatial single-particle states. This allows for consideration of basis states normally omitted in the cluster model and which have been demonstrated to be important in decreasing the energy of a spherical six-quark system in variational calculations [20, 21] .
(iii) Dynamics will be handled through the generator coordinate method [22] , which leads to a set of coupled integral equations. It has been claimed [6] that a significant part of the short-range repulsion is due to dynamics, and the absence of a repulsive core in some early calculations is now seen as an artifact of the adiabatic approximation [23, 24] . In addition, the effective interaction is nonlocal in terms of the N-N separation parameter.
(iv) In order to reproduce two-body properties, beyond a certain internuclear distance we will attach the interaction we derive to a phenomenological local OBE potential (cf. for example Ref. [25] [26, 27] .
The outline of this work is as follows. In Sec. II, we review some of the earlier work on the chromodielectric soliton model and construct three-quark nucleons.
In Sec. III, we describe how we generate single-quark wave functions through a constrained mean Beld calculation. Section IV is devoted to the "molecular" states which form the basis for the six-quark configurations we consider. Section V describes the treatment of the one gluon exchange, and in Sec. VI we present the results of our numerical calculations. Finally, we summarize, conclude, and give an outlook on our future work in Sec. VII.
II. THE MODEL
The chromodielectric model [16, 17] is an evolution of the Friedberg-Lee nontopological soliton model [28] This corresponds to a realization of spatial confinement, since this mass is "color blind. "
Color confinement, on the other hand, arises through the enclosure of the quark cavity by the physical vacuum where the dielectric function goes to zero [31] . Note that K -+ 0 also ensures that there are no spurious color van der %aals forces. Furthermore, the gluonic propagator depends on cr through e(a) and is thus also "confined. "
Inspired by the results of these studies [16,17, For f = 3, the bag pressure B vanishes, which generates "hard" bags with a thin surface. For f = oo, the quadratic term in U(o') disappears, and cr = 0 turns from a second minimum to an inflection point. This yields "soft" bags with a thick surface. In general, for increasing c, the glueball mass and the bag pressure increase, the agreement in the axial vector coupling g~, which is inherently too small by about 10 percent, improves, but the proton's magnetic moment p~( which is also consistently underestimated) grows to differ more from its experimental value. Table I gives an overview of the corresponding quantities for the various parameter sets under consideration.
As already remarked, we work in the one gluon exchange approximation.
Since (15) for each value of the collective deformation parameters o.. V (r) then plays the role of an external potential generating the wave function for the quarks, and it is expressed in terms of a scalar field with a prescribed deformation, o (r).
Following Schuh et al. [6] , we construct the field o (r) by folding a Yukawa-shaped smoothing function with the union (for o. ) 0) or intersection (for n ( 0) of two spheres whose centers are separated by the distance lal, 1.e. ) where the Q are some moments of the quark distribution as defined through (r) = e"-eo f we restrict ourselves to a physically reasonable threeparameter representation of the external potential V (r).
The underlying parameter space is, of course, infinite dimensional.
The parameters R, I', and oo are determined &om our self-consistent solution for the nucleon, such that the corresponding scalar field of two &ee nucleons is well approximated at asymptotic deformations, i.e. , cr (r)~o~(r -i' n/2) + or~(r+ zn/2) -o". (19) In order to select a definite path in configuration space, the field strength oo and the surface parameter I' are kept constant and the radius B = R(n) is varied in such a way that the volume of the six-quark cavity is independent of its deformation and remains fixed at the value of two nucleonic volumes. In Fig. 1 [19] . Otherwise some contributions are mistakenly left out, as was the case in Refs. [5] , [23] , and [37], for example.
In Refs. [20] and [21] B" (~(cr) (B"A'"-B"A'") ) = J', (21) where the total quark color-current operator is (22) with g, = +4xo."andGell Mann's color-SU (3) In addition, there is the one gluon exchange contribution,
(H G~) = (H, )+(H;)+(H, )+(H, )+(H, )+(H, )+(H, -),
with the one-body self-energy terms, (Hi ) and (Hi ), and the various two-body contributions (Hfv"') allowed by parity conservation. The corresponding diagrams are shown in Fig. 4 (20) . Results are depicted for the isospin-spin channels (TS) = (01) (Fig. 6 ) and (TS) = (10) (Fig. 7) . For [6] where the Friedberg-Lee soliton model was applied to N-N scattering. Note that no gluonic efFects were taken into account in Ref. [ [5] attributes that to the strong color-electrostatic attraction within the quark triplets. Although the color-electrostatic one-gluon exchange diagrams are entirely attractive, in our investigation, their effects are actually more than canceled by the repulsive self-energy diagrams, (Hf) and (HP) Note that the color-magnetic self-energies were left out altogether in this investigation. On the other hand, the long-and medium-range N-N attraction should actually be attributed to the meson exchange, and to get a good description of this in a quark model requires the "sea" quarks to be taken into account explicitly [43], which are not accounted for in our investigation at this stage. To cure that shortcoming, we plan [27] to include an explicit pion exchange between the quarks, which will then lead to an effective pionic dressing of the individual nucleons along the lines proposed, e. g., by Miller et al. [44] .
To determine the relevance of the so-called [ Fig. 4 and given in Eqs. (27) and (29) . Results are listed for well separated (a = 3.5 fm) as well as completely overlapping nucleonic bags (a = 0.0 fm), and also for the adiabatic potential at o. = 0.0 fm, which is the difference of the latter two quantities. The energies shown correspond to the isospin-spin channel (TS) = (10) , and are obtained using the parameter sets given in Table II In Fig. 9 
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The dashed line in Fig. 9 corresponds to a calculation where the OGE was left out altogether, and in agreement with an earlier investigation [6] where the Friedberg-Lee soliton model without the OGE was applied to N-N scattering, we 6nd a strongly attractive adiabatic potential. The dotted line shows the results of a calculation where the color-magnetic hyper6ne interaction was included, which in the literature is quoted as being responsible for the short-range repulsive core [46] . In contrast to that belief, the spin-spin interaction reduces the attraction but does not yield any repulsion. Results are shown for the isospin-spin channel (TS) = (01)~M=o, and for the two sets of parameters given in In Fig. 10 , the adiabatic potential for the isospin-spin channel (TS) = (10) [5] pioneering study of the adiabatic two-nucleon interaction in the framework of the MIT bag model is appropriate. As can be seen from Ref. [5] , for the MIT bag model, the nongluonic contribution (Hi ) is repulsive, while the gluonic share of the Hamiltonian, (HoGE), yields all the attraction. This is just opposite to our findings. The difference concerning the nongluonic interaction is due to the very different nature of the surface dynamics of the scalar background field for the MIT and the solitonic bag. The differences in the gluonic share of the Hamiltonian, on the other hand, arise both from the approximations De Tar made in the evaluation of the OGE self-energy terms, and &om the differences in the colordielectric constant (and thus also in the gluonic propagators) between the two models. Also, the six-quark configuration space we are using is much larger than the one De Tar was employing, and his single-quark states are rather artificial constructions, while our "molecular orbitals" are eigenstates of a constrained mean field Hamiltonian.
To get a more detailed understanding of the origins of our results, in Table III we list the various contributions to the adiabatic N-N potential stemming from the individual diagrams shown in Fig. 4 The corresponding effective Hamiltonian includes not only the interaction between the quarks and the scalar background field but also quark-quark interactions generated through one gluon exchange. Furthermore, when calculating the gluonic propagators mediating that interaction, the inhomogeneity and deformation of the dielectric medium were taken into account, and the Coulomb gauge was applied.
Results for the adiabatic local nucleon-nucleon potential have been presented for the difFerent spin-isospin channels which are compatible with L = 0 partial waves, and they differ quite considerably &om a realistic phenomenological interaction [47] fit to the experimental phase shifts. Although the adiabatic central potentials display a "soft" repulsive core, as is desirable &om phenomenology, they totally lack the intermediate-range attraction, which was observed in earlier calculations of that type and which was attributed to the strong colorelectrostatic attraction [5] .
Although the color-electrostatic exchange diagrams are also entirely attractive in our investigation, their effects are actually xnore than canceled by the repulsive gluonic self-energy diagraxns.
A detailed analysis of the difFerent contributions to the effective Hamiltonian unveils that the nongluonic one-body terms would lead to considerable attraction for vanishing internucleon separation, while the one-gluon exchange (mutual and selfinteraction) terms produce all the repulsion. To be more speci6c, in our case it is the color-electrostatic one gluon exchange which leads to the repulsion at small N-N separations, and not the spin-spin color-magnetic hyper6ne interaction, which in the literature [46] is quoted as being responsible for the short-range repulsive core.
Considering that the long-and medium-range nucleonnucleon attraction should actually be attributed to explicit meson exchange and not to quark rearrangement, we are not at all surprised to be missing a good description of this part of the interaction in a quark model which does not include the "sea" quarks. We plan to overcome that detriment by either including quantum surface fIuctuations, which would introduce configurations of the formin addition to our q basis states, or by considering an explicit pion exchange between the individual quarks along the lines followed in the cloudy bag model [44] . The latter mechanism is favorable as it also leads to a restoration of the explicitly broken chiral symmetry. Work in that direction is currently in progress [27] .
We also plan [26] to account for the dynamics of the N N interaction by extending this work through means of the generator coordinate method. It has been shown that a signi6cant part of the short-range N-N repulsion is due to dynamics [6] , and that the absence of a repulsive core in some early calculations was an artifact of the adiabatic approximation [23, 24] . In addition, the efFective N Ninteraction is highly nonlocal in terms of the separation paraxneter.
